Pears usually are used as ingredients in the production of fresh-cut fruit salads. Fruit 
INTRODUCTION
In recent years the market for fresh-cut or minimally processed and chilled ready-to-eat products has grown in response to evolving consumer demand and a trend toward healthier foods (Lamikanra, 2002) . The major problem is that the shelf life of these commodities is very short, usually not exceeding one to three days. Fruit processing promotes their faster physiological deterioration and biochemical changes, also microbial spoilage of the final product, which may result in a degradation of its colour, texture and flavour, even when only slight processing operations are used (O'Beirne et al., 2003) . The visual appearance and colour are the main characteristics that attract consumer attention and affect their choice (Barrett et al., 2010) .
Fresh fruit browning is one of the fundamental problems faced in fruit processing steps and is also a quality indicator for the control of fresh fruit salad during shelf life. Nevertheless, the browning caused by enzyme oxidation leads not only to the deterioration of appearance of the products, but also to the decline of their nutritional value (Toivonen and Brummell, 2008) .
Several scientists have pointed out that a major problem during storage is a decrease of fresh cut fruit firmness, which is related to action of endogenous enzymes on cell walls degradation and growth of microorganisms. The changes of fruit cell walls depend on content of protopectin and activity of enzymes like polygalacturonase, methylestherases, celulase and pectinase (Cheng et al., 2009) . During fruit cutting enzymes are released, and in the presence of oxygen they accelerate endogenous processes and cause physical reactions in the cells leading to softer structure of fruit flesh (Prasanna et al., 2007; Ferreira et al., 2008) . Different surface coatings, like maltodextrin, methylcellulose, Semperfresh TM made on the basis of sucrose polyesters, soy protein, pectin, gelatine, alginate, shellac, whey protein concentrate, and bee wax, of fresh-cut fruit have PROCEEDINGS OF THE LATVIAN ACADEMY OF SCIENCES. Section B, Vol. 67 (2013 ), No. 2 (683), pp. 167-173. DOI: 10.2478 /prolas-2013 been explored in various studies (Lee et al., 2003; OmsOliu et al., 2008; Oms-Oliu et al., 2010) . Often, in order to reach a higher efficiency of the coatings, combinations of several treatments are used (Rojas-Graü et al., 2009; Olivas et al., 2007) . Suttirak and Manurakchinakorn (2010) in their research used ascorbic, citric and oxalic acids, which are natural anti-browning agents and generally recognized as safe (GRAS). The scientists noted that browning of fresh-cut apples and mango could be effectively eliminated using oxalic acid in combination with ascorbic acid or citric acid (Suttirak and Manurakchinakorn, 2010) . Successful results were obtained in studies by Xiao et al. (2010) with fresh cut pears, where rosemary extract and chitosan coating in various combinations were used against enzymatic browning. That treatment reduced permeability of cell membranes and caused slower respiration of pear pieces. As a result, the treated fruits had lower weight losses, higher content of vitamin C and colour was preserved better compared to the control. Ascorbic acid is a natural component in fresh fruits and vegetables and greatly accepted as an important nutrient for human health (Pernice et al., 2009) . The most frequent alternative to sulphite is ascorbic acid, which is generally recognized by the U.S. Food and Drug Administration (FDA) as a safe (GRAS) antioxidant for use on fruits and vegetable to prevent browning. Ascorbic acid (L-ascorbic acid) and its various neutral salts and other derivatives have been the leading GRAS antioxidants for use on fruit and vegetables and in fruit juices, for the prevention of browning and other oxidative reactions. Ascorbic acid also acts as an oxygen scavenger, removing molecular oxygen in polyphenol oxidase reactions. Polyphenol oxidase inhibition by ascorbic acid has been attributed to the reduction of enzymatically formed o-quinones to their precursor diphenols (Özoglu and Bayindirli, 2002; Rojas-Graü et al., 2006; Rico et al., 2007; Jeong et al., 2008) .
Mostly various salts (sodium chlorite, acidified sodium chlorite, ascorbate, isoascorbate, citrates, chelates, calcium chloride, sodium boron, and acetylcysteine), acids (ethylene diamine tetra acetic acid, salicylic acid, cinnamic acid, ascorbic acid, citric acid, and oxalic acid compositions) or specific enzyme inhibitors (4-hexylresorcinol, glutathione, etc.) are used as anti-browning inhibitors (Rojas-Graü et al., 2009; Oms-Oliu et al., 2010; Gomes et al., 2010) . They are chemically derived inhibitors, and nowadays consumers are paying attention not only to fresh-cut product appearance and shelf life, but also critically evaluate the additives used in fruit processing for colour and texture preservation (Corbo et al., 2009) . Therefore, in recent years research has been focused on the study of naturally occurring inhibitors. Several studies have demonstrated the prevention of freshcut fruit browning by the antioxidant Natureseal ® AS5, which is produced from natural substances (Abbott et al., 2004; Rößle et al., 2009; Krasnova et al., 2012) . Jeon and Zhao (2005) explored different flower origin honeys against browning processes of fresh-cut apples. The results showed that honey could be used as an anti-browning inhibitor by preserving the high quality of fresh-cut fruit. There is insuficient information about application of natural juices in browning prevention. Perera et al. (2010) reported pineapple juice usage for the treatment of apples 'Granny Smith' and 'Pink Lady'. After treatment with 50% pineapple juice, polyphenol oxidase was inhibited by 30% in 'Granny Smith' and for 40% in 'Pink Lady' apple slices. Other studies showed that treatment with 20% rhubarb juice solution declines apple browning for several hours (Son et al., 2000) .
Another factor that must be considered in processing of fresh-cut products is the packaging. Fresh salad storage time and quality is significantly dependent on the packaging material and its barrier properties -permeability of O 2 and CO 2 (Montanez et al., 2010) . Packaging is an integral and determinant part of the industrial and commercial food supply chain (Platt et al., 2006) . Packaging materials, including biodegradable polymers, can be used to extend the shelf life extension of fresh-cut products. At present, polylactid (PLA) is the most widely used biodegradable polymer for fresh-food applications. Nowadays, new biodegradable materials have been produced with improved barrier properties, for example VC999 BioPack lidding film PLA, coated with a barrier of pure silicon oxide (Perez-Gago et al., 2006) . Alternatively, polylactide (PLA) containers have properties that enable their use as a substitute for commercial clamshell containers. PLA is biodegradable, recyclable, compostable, made 100% from renewable resources, approved by the Food and Drug Administration (FDA) for contact with food, and has similar physical and mechanical properties to those of Polyethylene terephtalate (PET) and oriented polystyrene (PS) (Auras et al., 2004) In this work the suitability of biodegradable films as packaging materials for fresh-cut pears was addressed. In previous work, the authors explored the influence of low environmental impact packaging materials on the respiration rate of fresh fruit salad.
The objective of this research was to evaluate the use of watery Japanese quince (Chaenomeles japonica) juice as an anti-browning treatment source of pears and to compare its effect with the usually used anti-browning method by ascorbic acid solution. Also, the use of biodegradable packaging material to preserve quality of treated pears during storage was assessed, in comparison with that of conventional PE pouches.
MATERIALS AND METHODS

Materials used for experiments.
The experiments were carried out in laboratories of the Latvia State Institute of Fruit Growing in 2010. The object of the research was pear (Pyrus communis) of cultivar 'Belorusskaya Pozdnaya' harvested in Dobele (Latvia State Institute of Fruit Growing) in autumn 2009. After harvesting, the fruits were stored for four months in a warehouse at temperature +41 o C and relative humidity (RH) 90%. Before experiments, the fruits were removed from the storehouse and ripened for five days at indoor temperature 18-20 o C. Before processing, the fruits were washed in running water, peeled with a sharp stainless steel knife, cored and cut into 1-1.5 cm cubical pieces (average mass of each 7 ± 1 g), and immediately for ten minutes immersed in the prepared anti-browning agent, and then dried on a sieve. Watered Japanese quince juice (QJ) and ascorbic acid (AA) solutions were used as browning inhibitors. Ascorbic acid solution (1.5%) was prepared by dissolving 1.5 g of ascorbic acid (Fluka) in 85 ml of water. Diluted Japanese quince juice (concentration 20%) was made by mixing of 20 ml natural juice and 80 ml water, following by pasteurisation at temperature 95°C and cooling till ambient temperature 20 ± 2°C.
Packaging and storage of samples. Fresh-cut pear produce quality during storage was compared using two types of biodegradable materials -biodegradable polilactid (PLA) containers with lids and pouches composed of VC999 BioPack PLA films coated with a barrier of pure silicon oxide (SiOx), and conventional packaging -polyethylene (PE) film pouches (185 mm × 205 mm, thickness of 65 µm) as a control.
The treated samples (200 ± 10 g) were placed in each PE and VC999 BioPack PLA film pouches (185 mm × 205 mm, thickness of 50 µm) and hermetically sealed in air ambiance by a vacuum sealing machine Faverani MOD.350B (Faverani, Italia) and in sample (160 ± 10 g) were also placed in PLA containers (100 mm × 80 mm × 45 mm, thickness 300 mm) and closed by non-hermetical lids.
Experiment design. Samples were stored in a Commercial
Freezer/Cooler at temperature +4.0 ± 0.5°C, controlled by a MINILog Gresinger. During storage for nine days two packages of each treatment were removed every three days for measurement of paramaters with three replicates. Features of the materials used in experiments and structure of performed experiments is shown in Figure 1 .
Physical and chemical analyses. Colour of pear samples was measured by a CIE L*a*b* colour system using a Tristimulus Colorimeter, measuring Hunter colour parameters by Colour Tec PCM/PSM. Colour values were recorded as L* (brightness) from L* = 0 (black) through grey to L* = 100 (white); a* (-a, greenness, +a, redness) from -a* (green) through grey to +a* (red) and b* (-b, blueness, +b, yellowness) from -b* (blue) through grey to +b* (yellow). The colour measurements were performed on ten fruit pieces in three replication for each and expressed as whiteness index (WI), which was calculated according to equation (1) using colour indices L*, a* and b* as suggested by Albanese:
where:
L a b *, *, * -colour measurements of the fruit samples.
Flesh firmness (N) was determined using a digital penetrometer TMS-PRO (Food Technology Corporation, USA). A nozzle diameter of 4 mm, penetration depth of 6 mm and speed measurement of 600 mm min -1 was used.
pH was determined using a pH meter 3510 (Jenway, England) according to the standard LVS EN 1132:2001 "pH Determination of Fruit and Vegetable Juice".
Soluble solids content (Brix,°) was determined according to LVS EN 12143:2001 using a refractometer (ATAGO, Japan).
Statistical analysis. The results were processed by mathematical and statistical methods. Statistics for the completely randomised design were determined using the General Linear Model (GLM) procedure with SPSS 15 software package. Two-way analyses of variance (P £ 0.05) was used to determine significance of differences between whitening index and firmness changes of pears during storage in biodegradable and conventional packaging materials after antibrowning treatment with Japanese quince and ascorbic acid as a control.
RESULTS
The surface brightness L* dynamics of fresh-cut pear's treated with anti-browning agents ascorbic acid (AA) and Japanese quince juice (QJ) is represented in the Figure 2 . The L* value was influenced by the anti-browning treatment agent and differed significantly (P < 0.05) between treatments. Pears treated with ascorbic acid were lighter in colour than those treated with Japanese quince juice (QJ). The effect of conventional PE packaging film on decrease of brightness L* value was higher than that of the biodegradables by more than 9.0%. The difference of L* value among investigated pear samples in biodegradable packaging after nine storage days was insignificant (P = 0.015), while samples packed in PE film pouches and treated with Japanese quince juice became darker. The results showed that colour of fresh-cut pears during storage was better preserved using biodegradable packaging materials and the control anti-browning agent ascorbic acid.
The results of colour changes expressed as whitening index WI showed similar results as those of colour brightness L* value dynamics (Fig. 2 ). Significant differences in WI value did not differ between pear samples packed in VC999 BioPack PLA film pouches (AA) and in PLA containers (AA). The WI value of fresh cut pears after nine storage days when packed in conventional packaging material (PE film pouches) treated by Japanese quince juice was significantly lower (P < 0.05) (Fig. 3) . Better results in browning inhibition during storage were obtained using ascorbic acid (AA) and packaging in biodegradable PLA containers and VC999 BioPack PLA film pouches. The WI value of pear samples treated with Japanese quince juice and stored for nine days in PE film pouches significantly differed from all other samples (P = 0.029).
Firmness during storage significantly depended on storage time (P < 0.05). The flesh firmness of the investigated pear samples gradually decreased during storage for nine days. Before treatment, the firmness of fresh-cut pear cubes was on average 18.4 ± 1.9 N (Fig. 4) . Firmness of pears during storage differed between treatments. The least change in firmness of pears was observed for in both biodegradable material packaging treatments and was similar for both anti-browning solutions (average 7.3% for pears treated with Japanese quince juice and 7.9% for those treated with ascorbic acid). A larger decrease of firmness decrease was observed when pears were stored in PE film pouches: 19.0% when treated with Japanese quince juice and 19.3% when treated with ascorbic acid.
Acidity can act on respiration processes of fresh-cut fruits. Analysis of variance indicated that pH of pear samples somewhat increased during storage and at the end of storage slightly differed between packaging material treatment (P < 0.05). Increase of pH of samples in PE film packaging was slightly higher (4.59 (AA) and 4.61 (QJ) to 4.94) than in samples stored in biodegradable packaging (4.82 to 4.85) ( Table 1) . Fig. 2 . Colour brightness value L* of fresh-cut pears during storage in different packaging materials: 1, packaging in PE pouches (AA); 2, packaging in PE pouches (QJ); 3, packaging in PLA containers (AA); 4, packaging in PLA containers (QJ); 5, packaging in VC999 BioPack PLA film pouches (AA); 6, packaging in VC999 BioPack PLA film pouches (QJ). The total soluble solid contents of fresh-cut pears packed in various packaging materials are presented in Table 2 . Total soluble solid content slightly decreased in all studied samples on average by about 12.5 to 11.8 Brix o .
DISCUSSION
The intensity of fresh-cut fruit browning usually is described by the value of colour parameter L* and whiteness index (WI). It was noted that both colour brightness value L* and Whiteness index (WI) equally describe the changes in fresh-cut apple colour. Substantial colour changes mostly occur during the first days of storage (Mao et al., 2007; Lu et al., 2007) .
In the last few years, the use of PLA as a packaging material has increased in Europe, Japan, and the United States, mainly in the area of fresh produce (Arvanitoyannis and Kasaveti, 2007) . Reduced respiration rate leads to lower enzymatic browning reactions (Rodriguez-Aguilera and Oliveira, 2009; Sandhya, 2011) . Similar results were obtained by scientists of Latvia when testing fresh-cut apple pieces treated with 5% solution of Natureseal® AS5 (Krasnova et al., 2012) . Perera et al. investigated the combined effect of high pressure processing (HPP) treatment and pineapple juice prevention of enzymatic browning of fresh cut Granny Smith and Pink Lady apples (Perera et al., 2010) . For both apple varieties the samples treated with the highest concentration of pineapple juice 50% and the longest HPP treatment time 5 min had the lowest DE and the least browning score after 5 h of air exposure. A non-volatile organic acid in pineapple juice was the major inhibitor of enzymatic browning in apple products (Perera et al., 2010; Dong et al., 2000) . Pineapple juice, pineapple shell extract and rice bran extract have been used as banana anti-browning agents (Theerakulkaita and Sukhonthara, 2008) . The L* value of banana slice treated with rice bran extract was not significantly higher than that treated with Pineapple juice and both had ability to reduce browning values in the banana slices.
Decrease of flesh firmness was found (Xiao et al., 2010) following anti-browning treatment of cut pears with rosemary extract, chitosan and their combinations. During 3-day storage the firmness of treated pears decreased from 5.5 to 7.3%. This decrease is related with ripening processes in storage, when the cell structure of flesh firmness is changed due to reactions of polysaccharide hydrolysis (Prasanna et al., 2007; Ferreira et al., 2008) .
The increase of pH can be explained by increased breathing intensity after peeling and slicing of fruits (Rocha and Morais, 2003) . The organic acids along with other compounds take part in respiration, and as a result the total content of acids decreases and pH value increases (Bico et al., 2009 ).
The observed decrease of total soluble content in all studied samples was caused by physiological and biochemical processes that accelerated after fresh fruit peeling and cutting. Organic acids, pectin substances and other sugars participating in these reactions stimulate the decrease of soluble solids during storage (Rocha and Morais, 2003) . However, the content of soluble solids in the fresh cut-pears during the experiment did not vary throughout storage and were not significantly influenced by time, packaging material and anti-browning treatment agent (P > 0.05). These results are in accordance with those found by Soliva-Fortuny et al. (2002) .
The results of this study showed that colour of fresh-cut pears was better maintained using biodegradable packaging materials and by the control anti-browning agent ascorbic acid. Following nine storage days, the brightness L* value of fresh cut pears was significantly lower in the treatment with conventional packaging material (PE film pouches) and Japanese quince juice.
The treatment of fruits by diluted Japanese quince (Chaenomeles japonica) juice provided higher firmness after treatment. The least change of firmness was observed for pears packed in both biodegradable materials with either anti-browning solution, while a considerably greater descrease of pear firmness was observed in the PE film pouch treatment.
pH of pear samples somewhat increased during storage and at the end of storage slightly differed among packaging material treatments, while total soluble solid content slightly decreased in all samples.
